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Abstract— This case study paper describes the development 
and evaluation of a prototype, Golden Jubilants, a smartphone 
app.  Golden Jubilants was built within a software engineering 
in healthcare project, ReDEAP, that aimed to identify a set of 
recommendations for the design of smartphone apps for older 
adults aged over 50.  Prototype development and evaluation is a 
recognized way to elicit meaningful feedback from any user 
group.  This tangible artifact was interactive and provided 
fruitful engagement for us as researchers, and for the older 
adults who participated.  This short paper presents the 
prototype evaluation process, and techniques used to ensure 
older adult involvement.  To conclude, we discuss four key 
recommendations for consideration by software engineering in 
healthcare researchers who are using prototypes in their 
research – develop the research project through public and 
patient involvement, harness the potential of established 
evaluation and testing standards, develop a needed and tangible 
prototype, and involve an external group to evaluate findings. 
Keywords—prototype, development, evaluation, usability, 
system usability scale, research recommendations. 
I. INTRODUCTION 
The proportion of older adults (OAs), those over 501,  is 
increasing globally [1]. In Europe, every fifth individual is an 
OA [2] and a recent Irish report [3] has projected that by 2030,  
the  80+ age group in Ireland will increase by approximately 
90%. This situation is presenting challenges to countries 
within health, long-term care and welfare systems for OAs.  
People over 50 have seen significant improvements 
in their standards of living, lifestyles and healthcare 
systems [4].  Personal technologies have the potential to 
support the continuation of these improvements, and a 
considerable amount of personal technologies for OAs are 
available. However, the rate of adoption appears low 
despite their potential benefits  [5].  Furthermore, personal 
technologies do not always differentiate OAs from the 
wider population, and this in itself hinders them from fully 
utilizing available functions and services [6].  In order to 
develop technologies that OAs are able to use, we need to 
include specific accessibility and usability requirements 
for those experiencing age related physical and cognitive 
decline [7]. This situation can be addressed through 
research-based development with OAs [8].  Furthermore, 
participatory or human-centred development should better 
                                                          
1 TILDA, Irish Longitudinal Study on Ageing defines OA as 50 years. 
consider recommendations for the age-friendly design of 
user interfaces on mobile phones [9].  
In order to work towards the issue of low rate of 
adoption, we were motivated to consider the features 
which should be included in technology designed for OAs.  
Therefore, we undertook a software engineering research 
project, ReDEAP, in which we developed a set of usability 
and accessibility recommendations for software engineers 
designing and developing smartphone apps for OAs [10].  
In considering our research methods for ReDEAP, we 
opted to use prototyping for ease of OA engagement and 
interaction with a smartphone device. Our prototype 
incorporated features for OAs as recommended in the 
literature, allowing us to evaluate likes and dislikes 
directly with OAs.  
In this paper, we present our experiences with 
prototype development as a research method, discussing 
how we conducted the research project, along with the 
results achieved.  Project details are available in [10].  In 
Section II, we present background to prototyping used in 
healthcare software and technology research, and discuss 
the development of our prototype, Golden Jubilants. A 
detailed prototype evaluation is discussed in Section III.  
In conclusion, Section IV presents four points regarding 
the use of prototypes in software engineering research.     
II. PROTOTYPE DEVELOPMENT 
A. Why a prototype? 
Given the success of prototypes in previous software 
engineering in healthcare studies, we could see the 
advantages of using a prototype in our study.  For example, 
prototypes were created in a study that merged computer 
technology and health-related interventional research [11] 
and offered participants the possibility to explore potential 
features and use their tacit knowledge.  Mi et al. [12] claim 
that accessibility in software developed for key user groups 
may not be considered ‘standard’ from a software 
development perspective.  They developed a set of heuristics 
for use in high-fidelity prototypes to ensure accessibility for 
all types of user groups involved in smartphone interface 
design. 
 
In our study, we apply a prototype in a similar way to Lim 
et al. [13] who view prototypes “not only in their role in 
evaluation but also in their generative role in enabling 
designers to reflect on their design activities in exploring a 
design space”.  Prototypes take on many forms in software 
engineering, from paper, to low and high fidelity, and they 
are often used iteratively.  The general concept of a prototype 
as a tool for design is to find the sweet spot, namely “a 
manifestation that in its most economic form will filter the 
qualities the designer is interested in, without distorting the 
understanding of the whole” [13].   
B. Prototype Development: Golden Jubilants  
We developed a smartphone prototype, Golden 
Jubilants [14], an app intended to act as a mediator to keep 
OAs connected with communities through volunteering.  
We had previously built recommendations [15] from 
literature, which was the starting point for ensuring the 
usability and accessibility of the prototype. 
We used interviews and surveys [described in 16] to 
involve OAs in the identification of requirements and in 
developing further recommendations, particularly around 
barriers preventing them from and motivators towards 
encouraging them to use smartphone applications. 
Ultimately, we needed to gain insight into their attitude 
towards technology and how smartphone applications 
could be made usable and accessible. We conducted 11 
semi-structured interviews, at which point we reached 
saturation.  We also received 202 survey responses.  We 
analysed the data using cross-tabulation, bench-marking, 
trending, comparative analysis and descriptive statistics.  
 An IBM advocated design thinking workshop [17] was 
attended by the first author and 3 technologists from our 
industry partners, IBM. The four key concepts of design 




Assign badges or stars to the users based on 
their usage (active social engament) of the 
application. 
Big Bets Block and report anti-social users. 




Incorporate emotions/sentiment analysis in 
the application 
TABLE I.  SAMPLE RECOMMENDATIONS FOLLOWING DESIGN 
THINKING SESSIONS 
Requirements for Golden Jubilants were prioritized into 
four discernible categories: Big Bets, No Brainers, Utilities 
and Not Wise Use of Time (see Table 1).  Primary and 
secondary stakeholders were identified.  To aid design and 
development, models such as use case diagrams, personas 
and wire-frames were created, and the first version, Golden 
Jubilants V1, was developed to work on android devices 
using IBM technologies.  
III.  PROTOTYPE EVALUATION 
A. Evaluation tools and methods 
 Golden Jubilants V1 was evaluated to measure 
usability and to verify the ReDEAP recommendations 
included in the app.  To measure usability, the System 
Usability Scale (SUS) [18], a reliable usability measuring 
tool [19], was employed.  This consists of a 10-item 
questionnaire, considered based on our prior research [15], 
(Table II) with five response options from strongly agree to 
strongly disagree. To ensure the effectiveness of the results, 
we calculated Cronbach alpha (α) [20], as some variables, 
for example, openness of the participants, are difficult to 
measure.  
TABLE II.  SAMPLE SUS QUESTIONS 
1. I think I would like to use this product often 
2. I found the product unnecessarily complex 
3. I though the product was easy to use 
Fig. 1. Sample SUS questions 
TABLE III.  DEMOGRAPHIC BREAKDOWN OF USABILITY STUDY 
PARTICIPANTS  
Usability Study Participants Demographics (n= 
20) 
Gender 9 Males, 11 females 
Age Range = 55 to 80 
Primary Language English 
Work Status 14 Fully Retired, 6 
Partially Retired 
Marital Status 13 Married, 7 Single 
Educational 
Achievements 
4 Secondary School, 5 
Associate degree, 11 
Third 
Level 
Health Status (Self 
Reported) 
1 Excellent, 12 Good, 4 
Ok, 3 Could be better 
Access to Basic 
Technology 
14 Yes, 6 No 
Access to Internet 14 Yes, 6 No 
Previously volunteered 17 Yes, 3 No 
 
We held 2 usability sessions, attended by 2 researchers, 
with 20 OAs (Table III), each of whom attended one 
session, collecting data in phases until our analysis reached 
saturation. These 30-minute sessions followed a three-step 
process: 
 Participants were given a detailed explanation of 
Golden Jubilants V1, instructions about answering 
the SUS questionnaire and a user manual. 
 Users were stratified into two groups: 
Group 1: Those who were familiar with technology 
tested Golden Jubilants V1 on their smart phones.  
They performed basic functions such as registration, 
listening to news, and creating a to do list. 
Group 2: Those who were not familiar with 
technology evaluated Golden Jubilants V1 through a 
paper based version.  This description showed the 
features that were available in the prototype in 
pictorial form. 
 All participants answered the SUS questionnaire 
along with four semi-structured interview questions.  
We used thematic analysis to analyse the data for the four 
qualitative questions.  
B.  Evaluation outcome - interviews 
We established that OAs felt at ease while using the 
prototype and that they found the features and look and 
feel engaging.  Some changes were highlighted by them, 
including a different colour-scheme, increase in font-size, 
voice recognition and vetting the app users.  Through these 
interviews, we were enabled to identify further 
recommendations for inclusion in ReDEAP [10] (See 
Table IV). 
TABLE IV.  SAMPLE OF SYNTHESIZED RECOMMENDATIONS FOR 
USABILITY & ACCESSIBILITY EXTRACTED BY PROTOTYPE EVALUATION  
USABILITY 
Avoid scrolling in the application. 
Do not have a pre-specified range for input controls in 
the application. 
Use attractive and limited number of colors. 
Avoid using caricatures and include photos that really 
depict older adults in a positive outlook. 
Store the identifiable details of the users, older adults, 
in an encrypted format. 
Keep complex features hidden from new users. 
Avoid pressurizing techniques, reminders or features. 
 ACCESSIBILITY 
Allow voice enabled interaction with the application. 
Enlarge the size of components within the application. 
Avoid using small print check-boxes for additional 
services or information sharing. 
Resurface or prioritize information as a means of 
stimulating communication. 
Make the text legible in the application. 
Make the application work well even with low signals. 
Make the app easy to start/boot up. 
C. Evaluation outcome - SUS questionnaire 
We evaluated the System Usability Scale using 
Cronbach‘s alpha (Table V), which was 0.85 for the 
complete questionnaire as well as for each individual 
question. Thus the internal consistency of each item and 
the overall SUS questionnaire is high. SUS items are 
closely related to each other.  Regarding usability of 
Golden Jubilants V1, we had an overall result of 0.8508, 
showing that the scores are good [21].   Figure 1 presents 
average SUS results in the form of a radar chart using three 
facets of measures of central tendency - mean, median, and 
mode.  
For the best positive results,  star points are at  five; for 
the best negative results, inner vertices are at one. In our 
case, these percentile scores for measures of central 
tendency are above average, meaning that the evaluation 
has shown above average usability.  The standard 
deviation of 17.75 indicates that the spread of data from 
the mean is considerably low, indicating that most SUS 
scores for OAs were close to the average score. There was 
a wider variation of score for the female participants (30-
100) than for male participants (52.5-90) (Figure 2). 
TABLE V.  CRONBACH’S ALPHA FOR SUS QUESTIONNAIRE – 
OVERALL  ALPHA=0.8508  
Odd-no 
questions 
α Even-no  
Questions 
α 
Q1 0.84 Q2 0.88 
Q3 0.82 Q4 0.83 
Q5 0.83 Q6 0.87 
Q7 0.83 Q8 0.82 
Q9 0.82 Q10 0.81 
 
Fig. 1. Measures of Central Tendency for SUS Results  
 
Fig. 2. Correlation between Gender and SUS Results  
 When we studied demographic parameters with the 
percentile ranks for perceived usability, median scores 
revealed that residence, education, work and health status 
were directly proportional to percentile rank – an 
indication that an OA living in an urban area with higher 
education, working for some hours and in excellent health 
had a higher level of perceived usability for Golden 
Jubilants V1.  This is a confirmation that demographics has 
an impact on perceived usability. The scores also revealed 
that people living alone had a higher perceived usability 
than those spending their lives in a retirement village or a 
care centre. There can be several reasons for that, such as 
a mismatch between the expectations of OAs in these 
situations. For SUS, a score of at least 70 is considered as 
passable for a product [22].  For Golden Jubilants V1, the 
median of percentile ranks for all individuals was 75, which 
indicated a higher than passable level of perceived usability 
by the OAs.   
IV. CONCLUSION 
Prototyping formed an important phase in our healthcare 
technology research project, in which we sought to identify 
recommendations for OA app development.  Of note is that 
the OA interactive engagement with the prototype highlighted 
likes, dislikes, and stimulated new ideas. Identification of new 
features and novel app uses may not have arisen in more 
passive forms of evaluation. To conclude, we share four 
particular points which should be of use to other researchers. 
A. Research should include public and patient involvement 
Within healthcare research, there is an increasing trend 
towards Public and Patient Involvement (PPI) – “research 
being carried out “with” or “by” members of the public rather 
than “to,” “about” or “for” them” [23].  In PPI, the inclusion 
of non-researcher stakeholders from research design stage, 
gives the research a better chance of a relevant outcome.  In 
our case, we involved the OAs at prototype development and 
evaluation stages which worked well.  But, given this 
experience and our increasing knowledge of PPI, we propose 
that researchers should integrate PPI techniques into 
forthcoming studies which use prototypes. 
B. Use available tools and techniques 
 As researchers, it is important that we use the tools and 
techniques developed both within our field and in other 
disciplines.  The use of the System Usability Scale (SUS) 
provided us with a well-established structure through 
which we could evaluate the prototype.  SUS, and the 
corresponding questionnaire was very usable by our group 
of participant OAs. Furthermore, the use of Cronbach’s 
Alpha provided us with confidence in our results.  
Established techniques can give researchers great 
confidence in their results.  
C. Develop a needed and tangible prototype 
ReDEAP, the software engineering project within 
which this prototype development was undertaken, aimed 
to develop recommendations for the development of 
smartphone apps for use by OAs. However, to include OAs 
in the development and evaluation of the prototype, we 
needed to ensure that the app would be of interest to this 
group.  Therefore, we spent time brainstorming between 
ourselves and others in our Lero research group, before 
settling on a topic for the app (in our case, a mediator to 
keep OAs connected with communities through 
volunteering).  We investigated OA interests, and 
recognise that the time spent on this was invaluable in 
ensuring engagement by the OAs.  We would encourage 
other researchers to take similar care in the decision-
making when deciding on the topic for a prototype.   
D. Involve other stakeholders 
IBM were an industry partner on this project, allowing 
technical employees to spend time with us on aspects of our 
research.  The input from an external group was very 
useful, providing us with a different view of the prototype.  
In retrospect, questions and suggestions from people with 
different expertise to our own broadened our thinking. 
E. Concluding comments 
In conclusion, this project gave us the opportunity to 
collaborate with an interested user group.  Outcomes were 
strong and useful. We have commenced another project 
which also includes prototyping as a research phase, 
identifying recommendations for health information systems 
for clients with mild intellectual and developmental disability. 
We have found that the level of objectivity provided by 
prototyping and evaluation can lead to excellent outcomes 
for healthcare research.     
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